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(S) Photoconductive imaging members and processes thereof. 

@", Disclosed is : a process for forming thin fiims (3) of pigment compounds, comprising providing a 
solubilized pigment-Lewis acid complex contained in an aprotic organic solvent system and coating the 
solubilized pigment-Lewis acid complex containing solvent system on a substrate (1). 
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taining molecular* dispersed for fabricating sdutlon coated 

vention is directed to ^^J^^J^SSZo devices and imaging members thereof 
photosensitive pigment layers, and photo- and ' °PJ^™" ^ size by hig h energy grinding or 

Known pigment attrition P"f*^ V °^ is then used to cast pig- . 

attrition typically conducted ^^"^^^m^i^ and the like ' * 
mented layers on selected substrates by * JJJ. ^ n L^hg, the resulting pigment disper- 

though fine pigment partides can ^^^^^^^Libeen employed to avoid rapid 
sions often reagglomerate in time. Aw.de ^fP' 9 ™^^" resin, which may be solubilized in the 
aggregate formation with different varymg *^Z™2*Z isTpttonally used to provide necessary 
molecLr pigment dispersion ^^^^^ processes involve heating 

mechanicaistrengthforthedepos^ 
pigmentpartide SU nderhlghvacuumtovapor^^ 

substrates to form a pigment layer. Pure • PW^^*™ J?J implicated and expensive propositton for 
sublimation process. However. 

large scale P^«* ono P^^ P ,T^oT^ rebrStetion of the pigment using, for example, an or- 
sitive pigments involving sequent d^olutlon J" d r «P re ^^ em J^cosed, for example, in US-A- 
ganic or inorganic acid solvent system these patents have not been used di- 

thefllnris. • ' . ^, photoconductive and photogenerating pigmentsm 

photoconducSJe imaging member acting ^r^E^^and photogenerating mdec- 

In an embodiment the present^^ 
ulariy dispersed pigments and imaging members thereof, wtucnmemDers 

ble lightfrom about 400 to about 700 "»™*»^ provided layered photoconductive imaging members 
l„ embodiments of the present ™ e ^™£™J^^ e acceptance, low dark decay, high photosensi- 
with improved xerographic propert.es. "^T^f^S nanometers and maximum or peak photosen- 
tMtym.the wavelength^ 
35 sftrvityinthevravelength^^ 

trophotog.aphic.espedal.yxerogra^ 

,n embodiments of the invention the p esent eppl^ 

conductivelayers comprised of molec^a^ 

,ayers, especially those comprised of aryh ammes, wh.tf are responsive to red illumination 
40 gionoffromeboutTOOtoabo^^^^^ 

originating from light emitting d.ode (LED) ^T^^^ to ^Zic devices such as light emitting * 
the present invention can be 

odes, organic electroluminescent emrttersfteld e ™«'™* nQ members of the present invention can con- 
sistors. and liquid crystal displays. The ^^1^ layer, or srtuated be- 

« tain, for example, situated between a I^^ESSJfJ change transport layer in contact wtth the 

ing pigments as illustrated herein „ rov ided alternative and simplified processes, dissim- 

er comprised of the molecularly dispersed P^^Sa^S^ransport layer. 

,ayer thatfunctions simultaneously both as cha ^^ pigment compounds. 

,n embodiments, the present invent.cn ^^^^^ in process embodiments from 
of a dass nonnally insoluble in aprot.0 organ^^^ 

^SgS^ 
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and removing the Lewis acid. 

The present invention also provides a process for preparing a photoconductive imaging member compris- 
ing; providing a solution comprised of a solubilized pigment-Lewis acid complex, optionally a binder resin, and 
a polar aprotic solvent system; coating the solution onto a substrate to form a thin film or coating layer on the 

5 substrate; drying the thin film or coating layer on the substrate; washing the dry film layer with a protic solvent 
system to remove the Lewis acid; drying the washed coated substrate; and optionally applying a charge trans- 
porting layer and or a protective overcoating layer to the coated substrate. 

. In a preferred embodiment the drying of the coated substrate is accomplished by heating at a temperature 
of f rom about 5 to about 60°C for 1 to 300 minutes. 

10 In one embodiment the process comprises the further step of removing the coating from the substrate to 
yields free-standing film, 1 - 

In a preferred embodiment, photoconductive imaging members of the present invention are comprised of 
a supporting substrate, arid a photogenerating layer in contact therewith comprised of a molecularly dispersed 
pigment or pigment mixture prepared as illustrated and selected from the group consisting of metal phthalo- 

15 . cyanines, digomeric : phtholQcyanines; metal-free phthalocyanines, quinacridones, Mbnastral Violet and Mon- 
astral Red Y, substituted^^l^inb-triazines, squaraines, polynuclear aromatic quinones, and thiopyrylium 
. : compounds. * ■ '* ^ 

The pigment solubilization processes of the present Invention using a pigment or rpbcture of pigments, a 
Lewis acjd and a nonprotic or aprotic solvent are generally applicable to pigments such as quinacridones, 

20 phthalocyanines, azo and polyazo, squarylium, cyanine pigments, and the like, that are rich in pi-electrons or 
electron donating heteroatoms, for example, nitrogen, sulfur, oxygen and other group VA and VIA chemical 
elements. In the periodic tible, and that are capable of coordinating with certain elector as 
Lewis acids, for example, as selected f rom the group consisting of AICI 3 , GaCI 3l FeClj, lnCt 3 , ShCU, BFjj, 2nCI 2 , 
TiCU, SbCi a , SbCk, CuCI^, SbF 6 , VCU, TaCI 5 , ZrCU, AsF 3 , and the like, and mixtures thereof. Lewis acid mo!- 

25 * ecules readily coordinate with electron rich or electron donating heteroatoms or pi-electrons of the pigment 
molecules, to form metai-pigment complexes that are soluble In selected polar aprotic solvents; The pigment 
solubilization process of the present invention is analogous in embodiments to solubilization of heterocyclic 
ladder arid rigid rod polymers by Lewis acids as described, for example, by Jenekhe in US-A-4,945,156 and 
4,963,616 and by Jenekhe and Johnson in Macromolecules, 23, 441 9 (1990) and references therein, particu- 

30 larly references 16 to 24 f the disclosures of which are totally incorporated herein by reference. In addition, the 
molecuiarly dispersed pigment thin films of the present invention may be prepared and characterized by the 
methodology described in the aforementioned Jeneke references. ' 

The solubilization processing of pigments of the present invention can be comprised of a one step or two 
steps that provides a solution comprised of pigment, a Lewis acid, and a polar aprotic solvent In the one step 

35 option, pigment complex formation and solubilization take ^ 

step operation, the first siep involves forming a solid pigment-metaioid complex resulting from any suitable 
complexation reaction. A second step involves solubilization of the solid complex in a suitable organic solvent 
A related two step'process is described in US-A-4,963,61 6, column 10, line 4, the dfsclosure of which is incor- 
porated by reference herein In its entirety, the resulting solutions obtained from either the one step or two 

40 step solubilization operation contain soluble pigment complexies that can then used to solvent coat pigmented 
layer or layers onto selected substrates, by means, for example, of spray, spin, dip, and the like, coating tech- 
niques."' • " \ 

Photoconductive imaging members in accordance with the present invention contain a pigment or pigment 
mixture as a photogenerating substance present in an amount of 0.5 to 100 percent by weight of the charge 

45 . or photogenerating layer and wherein the pigment mixture contains at least a first pigment of from about 10 

to about 50 weight percent of the pigment mixture and a second pigment of from about 40 to about 90 weight j 
percent of the pigment mixture. 

,< "; Jyplbal organic photoconductive pigments include titanyl and vanadyl phthalocyanine and other phthalo- ; 
: ^cyarilne compounds; metal-free phthalocyanine described in US-A-3;357,989, metal phthalocyanines such as - 

so copper phthalocyanine, quinacridones available from DuPont under the tradename Monastral Red, Monastral 
Violet and Monastral Red Y, substituted 2,4-diamino-triazines disclosed in US-A-3,442,781, squaraine pig- 
"," ments, polynuclear aromatic quinones available from Allied Chemical Corporation under the tradename Indo- 
fast Double Scarlet, Indofast Vioiet Lake B, Indofast Brilliant Scarlet and Indofast Orange, thiopyrylium pig- 
ments, and the like, and mixtures thereof. 

55 Lewis acids generally are electron acceptors y/hich can combine with a donor molecule or ion by forming 

a coordinated chemical bond with two electrons from the donor molecule of ion. Typical Lewis acids include 
aluminum trichloride, AICI 3 ; ferric trichloride, FeCI* stannic tetrachloride, SnCl*, boron trifluoride, BF 3 , ZnCfe. j 
TiCU, SbCI 5f Cud 2 , SbF 6 , VC1 4 , TaCI^ZrCU, and the like, and mixtures thereof. Other suitable complexing 
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complex solution of the presents 
^solubilization behavio^^^ 

ecules, the viscosity of the resulfng ■^'^3^^ JSSo, solvent or solvents used in the 
resulting pigmented layer or layers may ^^^'^SS^may be selected from the group rtitro- 
solubilizatioh process. Asuitable polar f^^l^eC™ UK benzene, toluene, and the like. 

and^dispe^n^ 

the complexed pigment solution, can also mjimbr hi > tiona || y used to impart desired mech- 
deposttioncfthepigmentcomplexcontai^ 
a ni ra iptopertie S tothede P ositedpigmentlayeror.a^ 

30 of the present invention are achieved. . Jl^ in a mixture of two to about 10 solubliized pigments 

Comp.exed pigment solutions rr^y opt-onany^ 

for coating a mixed pigment layer or ley«s "££££5!^ solvent coating in embodl- 

solution of benzimidazole perylene and titanyl phthalocyanme^^^ 

mentscrfthepresentinven^^^^ 
35 a plurality of solutions Mn * im ^. dl ^ ran ^"?* 1 a T^Z7e in imaging processes with unique mutilayer 
wtee as dsdosed herein to ^^^^^^S^^ and a tftany. pMha>ocya- 
architectures. For example ^^^S^nd and then used to sequentially coat and form 

Theaferemeatlonedmolecularly dispersed ^^^^^^^^^^^n- 
SOweight^centofmetota.w.ght.l^ 

ductor art. including for example l 2 . AsF* FeC£ ^y^^JLutmd by the provision of single layer 
. Also, me presentation in ^^^^ 
ormultilayere^ imaging member^thereof.^ 

45 ,tlve imaging members with a Pj*?«y*f^ p£«-»* and 

perylene tetracarboxyl diimide denvabves. fl« Jacndone rj** 1 ^^^ of photogenerating pig- 
compounds, including oligomeric ^^^^^^^^JL of Lewis acids to 
ments that may be solubillzed, completely "^'^^^^Tlustratedin Figures 7 to 9. Other 
fabncateimagingmembe^ 

so suitable photoconductlve pigments are desonbed by ^^J"™^',, 

cent Trends and Developments.- S^W^ ^ J Sm^TayeS of the present invention In 

Lewis acid by. for examine, washing. molecularlv dispersed pigments comprise: pro- 
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solvent cpntainlng optionally a binder resin; casting or coating the pigment-Lewis acitf complex solution into a 
film or layer removing residual solvent, by for example, evaporation; and washing the film or layer with a polar 
protic solvent such as water, methanol, ethanol, propanol, iso-propanol. acetic acid and mixtures thereof, in 
admixture with, for example, formamide, acetone, acetonitrile; dimethytformamide, N-methyl-2-pyrrolidone, 

5 and mixtures thereof to decompose, dissolve and subsequently remove substantial amounts of the Lewis acid 
component from the pigmented layer or film. A suitable pigment weight percent in a pigment-complex solution 
is from about 0.005 to about 20 percent, and preferably from about 1 to about 10 percent The molar ratio of 
Lewis acid or Lewis acid molecule mixture to pigment molecules is preferably equal to, or greater than, the 
number of electron donating elements present In the pigment molecule; In embodiments, the molar ratio of . 

10 Lewis, acid to pigment used in forming Lewis acid-pigment complexes is of from about 1:1 to about 20:1. In 
one preferred embodiment the pigment-Lewis acid complex is comprised ofa molar ratio of Lewis acid to pig- 
ment of from about 5:1 to about 10:1. 

. Thin films were conveniently prepared for characterization by spin coating onto gliass substrates from di- 
lute solutions, for example, 1.0 to 2 weight percent, of a Lewis acid complexed pigment solubilized in, for ex- 

15 ample, nitromethane and methylene chloride. 

The resulting molecularly dispersed pigments, as solutions or as thin films, Were characterized by known . 
means of,.foir example, intrinsic viscosity, thermogravimetric analysis, infrared spectra, or electronic absorp- 
tion spectra." 7 7* 7" 
The resulting molecularly dispersed pigment layers prepared by processes of the present invention were' 

2d found to contain trace amounts of Lewis acid species which were measurable by energy dispersive X-ray ana- 
lysis and related spectroscopic means. Residual Lewis acid derived Ions remaining In thin films or layers may 
range from about 10 to about 10,000 parts per million depending on preparative procedures selected. 

^ In.embodiments the coating of the solubilized pigment-Lewis acid complex containing solvent system onto 
a substrate to form a thin f iim. is achieved by coathig, spraying, dipping, spin casting or spinning. 

25 In one embodiment, there is Envisioned a layered photoresponsive member comprised of a supporting Sub- 

strate, a photoconductive layer comprised of the molecularly dispersed pigments illustrated herein, and situ- 
ated between the supporting substrate, and the photoconductive layer a charge transport layer. In one specific, 
illustrative embodiment, the photoresponsive device can be comprised of (1) a supporting substrate, (2) a hole 
blocking layer, (3) an bptional adhe^iv^ interface layer, (4) a photogenerating layer comprised of a mdecuiarly 

oo dispersed pigment,: or mixtures thereof* (5) a charge transport layer, and (6) optionally a protective overcoat 
layer. Thus, a specific photoresponsive device of the present invention c$n be comprised of a conductive sup- 
porting substrate, a hole blocking metal oxide layer In contact therewith, an adhesive layer, a photogenerating 
layer comprised of a molecularly dispersed pigment or pigment mixture, respectively, overcoated on the op- 
tional adhesive layer, and as a top layer a hole transport jayer comprised of certain diamines dispersed In a 

35 resinous matrix. The photoconductive layer composition when in contact with the hole transport layer is capable 
of allowing holes generated by the photogenerating layer to be transported. Examples of aryl amine hoi e trans- 
port molecules that may be selected for the photoconductor devices are illustrated In US-A-4,265,990. Also, 
examples of charge transport molecules are illustrated in US-A-4, 92 1,773 and the patents mentioned therein. 
In one embodiment the metal oxide hole blocking layer is aluminium oxide with a thickness of from between 

40 about 100 and about 500 Angstroms. 

Another advantage of using molecularly dispersed pigments as charge generators includes the ability to 
form a charge generation layer that is homogeneous and if desired, nonparticulate. A charge generator layer 
that is homogeneous and nonparticulate eliminates ^reproducibilities associated with the particulate nature 
of the generation layer, for example, the stability of the coating dispersions, particle size, distribution of particle 

45 sizes, and the way conventional charge generator pigment particles organize themselves during coating and 
curing processes. Organization of particles may affect the charge migration process. Charge generation layers 
prepared from molecularly dispersed pigments of the present invention exhibit substantially none of the dis- 
advantages associated with inhomogehoiis and particulate generator layers. 

7 " /The phbtbrespbhsive devices described herein can be incorporated Into various imaging systems such as 
so those conventionally known as xerographic imaging processes. Additionally, the imaging members of the pres- 
ent invention can be selected for imaging arid printing systems with near red and/or infrared light In this em- 
bodiment, the photoresponsive devices may be negatively or positively charged, exposed to light in a wave- 
length of from about 400 bp about 900, and preferably 600 to 800 nanometers, either sequentially or simulta- 
neously, followed by developing the resulting image and transferring to paper. Additionally/the imaging menv 
55 bers of the present invention can be selected for imaging and printing systems with visible light. In this em- 
bodiment, the photoresponsive devices may be negatively or positively charged, exposed to light in a wave- 
length of from about 400 to about 700 nanometers. The molecularly dispersed pigments may optionally be 
chosen so as to be insensitive in this region and therefore would not participate in the charge generation proo 

5 
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ments of imaging members of the present Invent^ and _ _ dteper8fble pigment compounds useful 

substrael.aphotogeneratirs^ , 
pigment mbdures selected In emb«d«^ 

WasofFigureTbrSas.il.ustratedhere.r ^JJ-^^^I^^ oom^ 9. Layers 

transporter is situated ^ n ! he ^*^^^ a 
this Figure Illustrates a photoconducttve ^.^member ""J^JJ^ ^ blnd er com- 

port layer 15 comprising aryl amine hole '^^^^^S^ed pigments or pigment com- 

"^"aph^ 
^caofthe^ 

after charging 40 (0.19 sec), 42 (0.75 sec) ana ^ V 1 -™ . ' • riation of less than. 10 volts is due to 

from the Figure, the voitages are very ste " e 1 vo.tThedevice 

abcuta1%variationineorotron^ 

Waseydedth,^ 

10 seconds of about 27 volts per second. „ h/ , torftnH ,.rtiv e imaaina member prepared by processes 

'•9 ht - • ' , « «. • ' „ rMiuUnrvanlna bercdmktazoie peptones, and perylene^deifcaBves. re- 

ganlc or organic polymeric matenal. ^^J^' '^Sdiift. surface layer such as indium tin 
LAR®; a layer of an organic or morgan* ntttenalhav ;*£^™ u tamta titanium< ^^n, nickel, 
oxide or aluminum arranged thereon; or a and Z have a number of different con- 

riM> particularly wlm U- I. ^^^^^L^ economic o.nslde^Mm. 
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device or process^ In embodiments, the thickness of this layer is from about 3 mils to about 20 mils. 

Generally, the photogenerating or photoconductive layer has a thickness of from about 0.05 micron to 
about 25 microns or more and preferably from 1 to about 5 microns. The thickness of the molecularly d ispersed 
pigment containing charge generation layer is dependent primarily on the wavelength of the incident light For 

5 example, if the xerpgraphicimaging is done using visible light (400 to 700 nanometers range) where selected 
pigment compounds may b6 strongly absorbing, thin generation layers (about 0.2 to 2 microns) will suff ice; if 
near infrared light, as produced by solid state lasers near 780 nanometers, is used for imaging, thicker gen- 
eration layers (typically 5 to 30 microns) may be needed. Optionally, single layer photoconductors comprised 
solely of the photoactive pigments molecularly dispersed in a coating solution or molecularly dispersed in a 

10 coating solution containing a soluble polymer binder can be used. Generally, it Is desirable to provide this layer 
in a thickness sufficient to absorb a substantial amount, for example, from about 80 to about 90 percent or 
more, of the incident radiation which is directed upon it in the imagewise or printing exposure step. The max- 
imum thickness of this layer is also dependent upon factors such as mechanical considerations, the thickness- 
es of the other layers, and whether a flexible photoconductive imaging member is desired. 

is \ . The charge transport layer can be comprised of various components providing for example, that they ef- 
fectively transport charges (holes) such as an aryl amine compound dispersed in a resinous binder and other 
r components^ reference the aforementioned 773 patent, and US-A-4,933^45: tn one embodiment, the charge 
charge transport layers are comprised of aryl amine compounds of the formula: 



20 . 



25 




wherein X, Y and Z are selected from the group consisting of hydrogen, an alky! group with, for example, from 
1 to about 25 carbon atoms such as methyl* ethyl, propyl, isopropyi, and the like, and a halogen preferably 
chlorine, and atleastorieof X, Yand Zfe independently an alkyl group or chlorine; When Y and Z are hydrogen, 
the amine is ^^ the alkyl is, for exampfe, 

35 methyl; ethyl, prop 

Preferably, X is selected from the group consisting of methyl, chloride and hydroxy in either the ortho, meta, 
. or para positions. Suitable inactive binder materials for the hole transport iayer include known highly insulating 
resins, which generally have a resistivity of at least 10 12 ohm-cni to prevent undue dark decay. Compounds 
cwresporidihg to the above fbrrnula include KN^diphenyl-N,N-bis(alMphen 

40 wherein aikyl is selected from the group consisting of methyl, such as 2-methyl, 3-methyl and 4-methyl, ethyl, 
propyl, butyl, hexyl, and the like. With halo substitution, the amine is N,NT-diphenyl-N,N'-bis(halo phenyl)-[1,1- 
biphenylH.^-diamine, wherein halo is 2-chloro, S-chloro or 4-chloro. Other electrically active small molecules 
that can be dispersed in the electrically inactive resin to form a layer which will transport holes include bis(4- 
diethy^aniin<^2-methylphenyl)phenyl methane, 4 , ,4 ,, -bis{diethylamino)-2\2"-dimethyltriphenyt methane, bis-, 

45 . 4-(diethylaminophenyi)phenyl methane, and 4,4 , -bis(diethy1amino)-2,2 , Tdimethyttripheny1 methane. General 
ly, the hole transport layer has a thickness of from about 5 to about 75 microns, and preferably of from about 
10 to about 40 microns. 

Charge transport iayers are well known in the! art. Typical transport layers are described, for example,, in 
US-A-4265,990; 4,609,605; 4,297,424 and 4,921,773. Organic charge transport materials can also be em- 
so ployed.' Typical charge; especially hole transporting materials include the following: 

Hole transport molecules of the type described in US-A-4,306,008; 4,304,829; 4,233,384; 4,115,116; 
. 4,299,897 arid 4,081 ,274, and 5,139.910, can be selected for the imaging members of the present invention. 
Typical diamine hole transport molecules include N.N'-diphenyl-N.N'-bistS-methyiphenylHI.I phenyl)-4,4'- 
diarhine, and the like. 

55 . Pyrazoline transport molecules as disclosed in US-A-4,315,982; 4,278,746 and 3,837,851 , can also be se- 
lected. ' ' '* . 
" Substituted fluorene charge transport molecules as described in US-A-4,245,021 . 
Oxadiazole transport molecules, such as 2,5-bis(4-diethyIaminophenyl>-1,3,4-oxadiazole, pyrazoline, imi- 
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1 ,1 20,875. •• • . . „• K,, rtra , on6 transoort molecules, such as jwMhytamlno benzalde - . 

3,B95,944; 3.820.989 and 3,870.516. _ ^ & ^ described in the following pa- 

. ter r^^^ us ^ 956 ' 440 * US - A - 

'.MM examples of the 
forthetrenspcrtlayerindudema^^^^ 

able organic resinous materials include po ^^^^TS as blSrandom or alternating co- 
polyesters, polysiloxanes. polyamides. f '^"f^^^ Carbonate resins having amoleculaf 
polymers thereof. Preferred electrically gander ^^^SSZ range of from about 50.000 to 
weight of f mm about 20.000 to about 100.000^ "^JJ^jSJ Inactive resinous ma- 
about 100,000 being particularly preferred .The ^^2^ n ^^^rbome) W ^Bi^ 
terialsinembodimerrtsof^ LEXAN 145- poly(4.4'- 

average molecular weight pffrom about 35£00 fc Htout ^ ^ from about 4 0,000 to about 
isapiopylidir^diph^^ 
45.em available as UE>^ 

s prev^hoten^Kmf.orn*e^raB"W=" „ \,^ s h> eon* inetaocee. 

.bout 5 to about 300 Angstroms, altliouob * may ^™*."*l. al , v<loma ,„ on adhesive Interfaoe layer 

being suitable. • * ^ nfthometer9 \fbr the imaging members of the present inventionare 

values of less than about 5 may be embodiments particularly in the infrared region, with 

.ngn^ersdis< to9 edbereln.T^^^ 
toconductrve imagir^ member of the present mventran ^ 

k^wndevelopercomposttions comprised ^^^^^^^o^fiTl;^^^ 
trol agents and carrier particles, ^^^^^^LU, and permanently affixing the 
55 3,849.18,t ra nsfemngth e deve^ 

transferred image to the ^^^^ST^S^^ ° f *• image l ° * 

r^m^^^^ 

8 
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step may be performed by means of any suitable method, such as flash fusing, heat fusing, pressure fusing, 
vapor fusing, and the like. 

The processes of the present invention for preparing molecularly dispersed pigment loaded generator layer 
thin films enables: molecularly disperse solvent coating of solubiiized pigments using conventional coating 

5 technology; control of pigment particle size and the elimination of pigment agglomeration; purification of the 
pigment or pigment mixture by way of a dissolution step upon complexation and subsequent filtration steps; 
and chemical analysis of molecularly pigment layers may be accomplished using, for example, known thin film 
spectroscopic techniques, . 

By the term "molecularly dispersed" is meant that, in embodiments, the pigment containing generator layer 

10 exhibits essentially a homogeneous or uniform distribution of individual pigment molecules with little or ho ag- 
glomeration or aggregation of pigment molecules into larger particulate entities leading to a non-homogeneous 
distribution of pigment molecules. ; ; . 

. . 'A random sampling and X-ray diffraction analysis of moleculariy dispersed pigment thin films prepared 
in the present invention indicated that no particulate or crystalline bodies greater than about 50 to 100 Ang- 

is stroms were detectable. 

Analysis of thin films prepared by the processes of the present invention using energy dispersive X-ray 
analysis (EDXA) typicalIy detected the presence of residual ionic species derived from the solvolytic decom- 
position or hydrolysis of the Lewis acid completing agent The amount of residual species remaining arid de- 
tectable in thin films prepared from Lewis acid-pigment complex solutions of the present invention appears to 

20 depend on several process and device variables, for example, solubility of ionic species resulting from solvol- 
ysis and washing of the film, concentration of the Lewis acid-pigment corhplex used, film thickness, extent of 
washing, aprotfc and protic solvents selected, and the like. Residual ionic products detected using EDXA 
ranged from a lower detection limit of about 100 counts (which corresponds to greater than or equal to about 
: 2,000 ppm) in the case of repeated copious washings of the thinnest films prepared to about 11 0-200 counts 

25 for aluminum species In the case of unwashed or rapid single washed samples. Thus, depending on the afore- 
mentioned process and device variables selected it is possible to control the residual ionic species product 
content to a high degree of reproducability and certainty. Representative measurements are given in the work- 
ing Examples, Table 6, for devices 5, 6 and 7 along with control data for devices prepared by known sublimation 
and dispersion coating methodologies. 

30 High purity aluminum chloride and anhydrous nitramethane were from Aldrich Chemical Co., and reagent 

grade methylene chloride, tetrahydrof uran, and cydohexarione solvents were from Fisher Scientific. MAKROr 
_ LON® resin having molecular weight from about 50,000 to 1 00,000. All reagents were used as received without 
further purification. PV Fast Blue, a copper phthalocyanine. Permanent Yellow FGL, an azo pigment, and Hos- 
taperm Pink E, a quinacridorie pigment, were obtained from Hoechst Aqueous W404 resin solution (40 weight 

35 percent) was from Witoo Corp. 

' A transport layer coating solution was prepared as follow: A mixture of N.N'-diphen^-NjN'-bisfS-methyl- 
phenylH1,1 -bipheriyQ^'-diamihe (5 gram), MAKROLON® (5 gram) and methylene chloride (56,5 gram) in 
an amber bottle was roll milled until complete solubilization of the solid. An under-cpat layer solution of W404 
was prepared by mixing an aqueous 40 weight percent W404 solution (1 gram), tetrahydrof uran (69.3 gram), 

40 cydohexanone (29.7 gram). All layer coatings were accomplished by a Gardner mechanical driven film appli- 
cator which is enclosed in a plexiglass acrylic box with an attached cover. Bird film applicators (7.5 inches long) 
of different sizes were used to achieve desirable film thicknesses. MYLAR® (75 microns) substrates with Ti- 
Zr alloy coatings of 200-300 Angstroms were from Imperial Chemical Industries. Substrates were overcoated 
with a silane blocking layer(200-500 Angstroms derived from 2-aminopropyltriethoxysilane ) and then an ad- 

45 hesive undercoat layer (200-500 Angstroms) of P E 1 00 or 49K (both avai labia from Du Pont). The resulting sub- 
strates were named and identified as "PE100/silane blocking layer/TT-Zr/MYLAR®" and "49K/Ti-Zr/silane 
blocking layer/MYLAR®". respectively. The W404 coating solution was used to coat a thin W404 layer (200- 
500 Angstroms) on the silane blocking layer/Ti-Zr/MYLAR® substrates with a size 0.0005 Bird film applicator, 
followed by drying at 100°C in a forced air oven for 30 minutes to give "W404/silane blocking layerffi-Zr/MY- 

50 LAR®° substrates. All the pigment complex solutions were prepared in a glove box under nitrogen atmosphere. 
Pigment layer coatings were performed under ambient condition using the Gardner film applicator. 

Imaging members of the present invention exhibit excellent xerographic properties in embodiments there- 
of. For example, values for dark development potential (V*^) can range from about 200 volts to about 1000 
volts of either polarity. The polarity is negative provided that the aforementioned hole transporting layers are 

55 used in conjunction with the charge generating layer is sandwiched between between the transport layer and 
the grounded electrode, or is positive provided that the aforementioned hole transporting layers are used in 
conjunction with the molecularly dispersed charge generating pigments in an inverted mode wherein the hole 
transporting layer is sandwiched between the charge generating layer arid the substrate material, or either 

9 
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Table 1 



Compositions for pigment/aluminum chloride solutions 




soin. 1 * 


soln. 2 


soln. 3 


soln 4* ■ 


sol 5 


soln 6 


lKJrC 


ft OR 












VUrC 




ft 9ft 










PV Fast Blue (grams) 






0.29 








Permanent Yellow (grams) 








0.30 






Hostaperm Pink E (grams) • 










0.17 




benzimidazole perylene (grams) 












0.26 


AlG 3 . (grams) 


0.39 


0.39 


0.39 


0.39 


0.39 


0.39 


nitromethane (mL) 


8 


8 


10 


10 


10 


8 


methylene chloride (mL) 


2 


2 








2 



EXAMPLE jj 

25 Table 2 summarizes the fabrication parameters for five devices using selected filtered solutions given in Ex- 
ample! and Table 1, Three types of substrates, namely W404/SBI^-2^/MYLAR®, PE100^SBUTl-Zr/MYIJVRfS> 
and 49K/SBL7ThZr/l^m/VR^ were used for the device preparation. MYLARS films (75 micrometers) with TV 
Zr alloy coatings of 200-300 Angstroms were overcoated with a silane, i2-aminoprbpyitriethoxysilane,-blocking 
layer (SBL) (200-500 Angstroms) and then an adhesive undercoat layer (200-500 Angstroms) of polyester 

30 PE1 00 or 49K (both available from DuPbnt) to give PE100/SBUTi-Zr/MYLAR® or 49K/SBL^-Zr/MYLAR® 
substrates, respectively. The W404 coating solution was prepared by mixing aii aqueous 40 weight percent 
. W404 solution, available from Witco Corp. (1 gram), tetrahydrofuran (69.3 gram), cyclohexanone (29.7 gram). 
The W404 coating solution was used to coat a thin W4G4 layer (200-500 Angstroms) oh SBLm-ZrMMAR® 
substrates i with asize^ 0:0005 Bird film applicator, followed by drying at 100°C in a forced air oven for 30 minutes 

35 to giVe^ procedure for devices 1 and 4 are given below 

. in representative procedures. A PE1 00/SBL/Ti-Zr/MYLAR@ substrate was placed on the vacuum plate of the 
Gardner cbater and a size 0.0005 BW film applicator was placed on top of the substrate. About 1 mLof pigment 
solution 1 was applied with a pipet along the Bird film applicator onto the substrate. A plexiglass dust cover 
was placed over a' coating box prior to coating. After solvent evaporation (about 2-3 minutes) in the enclosed 

40 box, the coated substrate wa> hung in a fume hood for 30 minutes at ambient temperature and.then placed 
in a tray of tap Water for 5 minutes to hydrolyze complexed and unreacted AICI j. The washed f i Im was air dried 
and was then coated, using a 0.003 size Bird film applicator in the enclosed coating box, with a transport layer 
using a solution prepared as follows: a mixture of N.N'-diphenyl-N.N'-bisfS-methylphenylHI ,1 -biphenyj]-^'- 
diamine (5 gram), MAKROLON® (5 gram) and methylene chloride (56.5 gram) in an amber bottle was roll milled 

45 until complete solubilization of the solid occurred. The resulting device was dried in a forced air oven at 1 00°C 
for 30 minutes. The thickness of the pigment and transport layers were measured to be about 03-0.5 micro- 
. meters, by a transmission electron microscope (TEM), and 17.0 micrometers, measured by a micrometer, re^ 
spectiveiy. Device 4 was fabricated similarly by first depositing a titanyl phthalocyanine/AICI 3 complex layer 
• using solution 1 . After solvent evaporation, a second benzimidazole perylene/ AJQb layer was coated thereon 

60 using solution 6. This was followed by water washing, air drying, transport layer coating and oven drying to 
give device 4. The scanning electron micrographs (SEM) of the pigment layers showed images that were highly 
coherent and film-like with no detectable individual pigment particles, indicating very high degrees of uniform- 
ity for the molecularly dispersed pigment layers. 
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Table 2. Device fabrication parameters and device description 
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>A = PE 100/SBL/Ti-Zr/M YLAR®; B = •' W404/SBL/Ti-Zr/MYLAR* 
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minum chloride was 1:6 for so ut,ons 8 ^^^Sugh 046 micrometer filters; but solutions 10 to 
weight percent of solubifeed pigment. ****** S£«Si This indicated that benzimidazole perylene 
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Table 3. 



5 



10 



■ . . Compositions of benzimidazole perylene/ AICI 3 solutions 


pigment & . 
reagents 


soln.fl 


soln.9 


soln. 10 


soln. 11 


soln. 12 


soln. 13 . 


soln. 14 - 


benzimidazole 
perylene (gram) 


0.26 \ 


0.26 


0.39 


0.52 


0.78 


0.78 


0.26 


AJCI3 (gram) 


0.39 


0.39 


0.59 


0.78 


1.17. ... 


1.17 . 


0.26 


nitromethane (ml) 


10 


6 


6 


6 


5 


. 8 


10 


methylene 
chloride, (ml) 




4 


4 


4 


5 


2 




49K (gram) 














0.1 


benzlmidazole 
perylene, wt% 


2.2 


ZO 


3.0 


3.9 


5.5 


5.7 


2.2 



EXAMPLE IV 

Table 4 summarizes the fabrication parameters for seven benzimidazole perylene containing devices prepared 
25 from the unf iltered benzimidazole. perylene/A!CI 3 solutions given In Example III. The preparation procedure 

for thedevices was essentially Identical to that described in Example II. However, the pigment layers for device 

6 and 7 were washed twice with water. The first wash was at room temperature with tap water and the second 
. wash was with deidnized water at 50°C for 10 min. The scanning electron micrographs of the pigment layers 

showed images that were highly coherent and f ilm-like with no detectable individual pigment particles, indi- 
30 eating very high degrees of uniformity for the pigment layers. The thicknesses of the pigment and transport 

layers for each device is also presented in Tabie 4. 
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Table 4. Device fabrication parameters and device description 



pigments & I 
reagents J 


devicel J 


device2 1 


device3 


device 4 j device 5 j 


device 6 I 


substrate* [ 






A 


C J 


A J 


C 


pigment I 
(see Table 3) j 


9 | 


9 . j 


12 


11 


11 I 


12 . 


size of Bird film J 
applicator , 1 

i r\r ninftiPnt - 1 
Tt)i piynidit 1 

layer coatings | 


0.0005 1 


0.0005 J 


0.0005 


0.001 I 


0.001 1 


0.002 


firstwater 
washing- 

time \ininj 


0 


5 


5 


5 


..5 


5 


second water 
washing time 
{mini and temp 


[ ' - 




- 


- 


- 


j ■ - 


j size of Bird film 
anrili rator for 

transport layer 
coatings 


j 0.003 


0.003 


: 0.003 


0.003 


0.003 


1 0.004 


I thickness of 
1 pigment layer 
I (microns) 


1 03-0.5 


1 0.3-0.5 


0.3-0.5 


0.64 ± a 
1S 




11.35 + 0 
I 17 


F thickness of 
1 transport layer 
I (microns) 


1 17.0 


1 17.0 


17.0 


17.0 


1 17.0 


23.0 



12 



0.002 



lOmin 
50°C 



0.004 . 



23.0 



*A = PE 1 00/SB L/T^Zr/MYLAR® ; 
B = W404/SBL/Ti-Zr/MYLAR®; 
C «49K/SBl/Ti-Zr/MYLAR® 

EXAMPLE V 

ing3inchby4inch samples of the lmag.ngm^^^^ 

a negath/e corona under content ^^^2^ Sent to an electric field of 40 volts per 
age charge of 1 05 nanocPulo ™?J«"*»^^™^JL Monroe Electronics non contacting «» 
milometer. The surface 
meters(Model144)placedatvan^^^ 

times from charging. An exposure ^^^^^^^^Om^mA^^P^^ 
seconds after charging and a whrte ''aW 6 ' 38 "; 6 ' 0 .^" 2 ^ outputof the voltmeters vas digitized by a com- . 
.c*ated to rnonitor the voltages a^ 

pu ter and the entire cycling test sequence was cc I ecte ^ w - rth a 1 0 nanometer half width 
light exposure wavelengths were adjusted ^mg J-^JJSJ*. Botn tne monochromatic and neutral 
and neutral density f ilters were used to ^"^ "^^Sing in the desired wavelength and intensrty 
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in the corotron charging and systematic variation in voltage is less than 1 volt Over 1,000 cumulative cycles 
the voltage changed by less than 1 0 volts under constant charge conditions. The residual voltage (Vr) remained 
at less than 5 volts oyer the cumulative 1,000 cycles. The dark discharge was monitored by turning off the 
erase light and charging and observing the voltage over several cydes. Figure 5 shows a typical dark dis- 
charge, with an average dark discharge over 10 seconds of about 27 volts per second. 

The photodischarge curve was obtained by opening and closing the shutter on alternate cycles and varying 
the intensity of the exposure light Figure 6 Is a typical discharge curve observed 0.75 seconds after charging 
and 0.375 seconds after exposure to 670 nm light for device number 7. The slope of discharge(S) is 60 volts 
per erg per square centimeter and the light exposure (Exp) required to discharge from 800 volts to 100 volts 
is 21 erg per square centimeter. Measurements were also made at 630 and 780 nm and the resultant sensl- 
tivities(S) and exposures (Exp) for 700 volt discharge were 58 volts per erg per square centimeter and 1 6, 22 
and 70 erg per square centimeter, respectively. Corresponding data of the other samples is summarized in 
Table 5. The residual voltage (Vr) and the initial voltage (Vo^) measured at 0.2 seconds are as shown. The 
dark discharge values are measured in volts per second 



Table 5 



Device Number 




V 0 i 


Dark Discharge 


630nm 


670nm 


780nm 


S 


Exp 


S 


Exp 


S 


Exp 


5 


5 


885 


15 


30 


37 


32 


35 


9 


170 


6 


5 


864 


23 


48 


25 


50 


24 


13 


110 


7 


4 


845 


27 


58 


22 


60 


21 


16 


70 



s 



The BZP layers of devices 5, 6 and 7 were examined by energy dispersive X-ray analysis (EDXA) using 
an X-ray beam potential of 10 kV. The results are summarized in the accompanying Table 6. The detected Ti 
and Zr counts indicates that X-rays penetrated through the entire BZP containing layers) and reached the un- 
derlying ThZr layers. Integrated peak counts are given after background subtraction. Control values of EDXA 
data for devices prepared by way of respective known BZP sublimation and dispersion methods, that is without 
Lewis acid-pigmerit solubilization of the present invention, are given in duplicate as shown in the last to rows 
of Table 6. The control samples employing either sublimed or dispersed BZP were prepared using the afore- 
mentioned 49K/SBL/ThZr substrates. In ail control examples no Al or CI species could be detected. 
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Table 6. Elemental Analysis by EDXA* 





Elements 






BZP layer 
in 

Device iniv- 


Al 
counts 


CI 
counts 


0 

counts 


Si 

counts 


Ti 
counts 


Zr 
founts 


device 5 


135 


307 


1714 


1695 


, 664 


2989 


device 6 


126 


549 


1521 


1614 


846 


2643 


'. device 7 


113 


263 


2426 


1682 


1082 


3871 


Sublimed 

BZP 
Control 


0 
0 


0 
0 


7267 
7910 


3243 
3059 


7002 
6986 


N.M.** 


Dispersed 

BZP 
Control 


0 
0 


0 
0 


4990 
4920 


397 
352 


66 
57 


N.M.** 



* X^ray beam potential = 10 kV 
** N.WL. a Not measured. , 



Claims 
1. 



3. 



hi* . 
.old ooraptex ooiu.iaing ""d™ l *" om c " " — ,t. 

A^<«pra^ s .p— 

coating the solution onto a substrate ~!^]l^~!!^ng layer (3,19.32); washing the dry film layer with 
outhesub S tra.(1.11.31):dry™^^ 

nt^e*"^^ seuerah-ee. ecfy- 

atoms, benzene, toluene, and mixtures thereof, 
rrew^eae of trara ee^een about 0.1 end 0.6 mlorao. 
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5 to about 50 micrometers. 

7. A photoconductive imaging member comprised of a supporting substrate (1,11 ,31), and a photogenerating 
layer (3,19,32) in contact therewith comprised of a molecularly dispersed pigment selected from the group 
consisting of metal phthalocyanines, metal-free phthalocyanines, quinacridones, benzimidazole pery- 
lenes, perylene tetracarboxyl diimides, substituted 2,4-diamino-triazines, sqiiaraines, polynuclear aro- 
matic quinones, thiopyrylium compounds, and mixtures thereof, optionally dispersed in a binder resin, an 
optional charge transporting layer (5), and a top or a protective overcoating optional layer thereon, and 
wherein the molecularly dispersed pigment layer contains of from about 10 to about 1 0,000 parts per mil- 
lion residual Lewis add content .v 

8. A photoconductive imaging member as claimed in claim 7, further comprising two or more adjacent pho- 
togenerating layers wherein each layer is comprised of a dissimilar molecularly dispersed pigment and 
an optional binder which is the same or dissimilar in each layer. 

9. A photoconductive imaging member as claimed in daim 7 or daim 8, wherein the pigment mixture contains 
a first pigment of from about 1 to about 50 weight percent of the pigment mixture and a second pigment 
of from about 10 to about 90 weight percent of the pigment mixture. 

10. A process as daimed in any one of daims 2 or 4 or 5 or 6, wherein the substrate is a metal or metalized 
polymer selected from the group consisting of aluminum, titanium, nickel, aluminlzed polyester, and mix- 
tures thereof, having a thickness of from about 3 to about 100 mils. 
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